silicon and glass substrates from vapors of R~z ( C O )~~, (CHg)~Au(dpni), Pt(l~fa)~, respectively. The heated reaction chamber at atmospheric pressure with a flow of an inert gas-carrier was used. The high marginal sharpness and the thickness uniformity of deposited films was provided by the use of a powerful nanosecond pulse nitrogen laser (h=337 nni), a projective system for delineation of the irradiation zone and by laser beam microscanning in the limits of the projective mask window. The metal pattern replicating the configuration of the projective mask window with a uniform 0.1-1 pm thickness was formed during 1-10 s. The writing rate of the straight metal lines was limited by the size of the irradiation zone and by the pulse repetition frequency and made of 150 pmls. The smooth Re films were obtained with a good adhesion to the substrate and a surface resistivity of about 1 Wsquare. The films of Au and Pt were deposited as layers of microdrops whose coupling with one another and with the contact ground determined the film resistivity. The melting of Au and Pt films occurs during the laser-induced deposition process and influences the film growth dynamics and the film-to-substrate adhesion.
Localized laser-induced processes on the solid-gas phase border have been extensively studied in the last several years due to the potential applications of these processes in the microelectronics. The use of the laser-indused chemical vapor deposition (LCVD) of metal films includes repair of photo- [l] and X-ray [2] lithographic masks, formation of interconnects on the integrated circuit [3] and so on. The LCVD process typically employs a CW W or a CW visible laser beam focused onto a substrate surface to induce the decomposition of a volatile metal complex.
A continuous ~r + laser-induced CVD of Pt films fiom platinum 1,1,1,5,5,5,-hexafluoro-2,4-pentanedionate (Pt(hfab) is investigated in details [2, 4, 5] . When [5] this laser was used radiating in the W wavelength range (351-363 nm) was used both the photolysis and the laser-induced pyrolysis of the precursor occurred. The Pt film lines obtained in work [5] consist ~f 96 at. % Pt.
The vapor phase photolysis of (CH3)2Au(aa) using the U\C radiation of pulse eximer lasers causes a significant film contamination (23-76 at.% Au) [6] . High purity gold stripes fiom vapours of Au dimethylacetylacetonate were obtained by the pyrolitic laser deposition [7] using the CW laser. Although the patterned thin films of pure gold were photolytically deposited fiom vapor of trimethyl(trimety1phosphine) Au(1II) using pulse eximer laser (h=248 nm), the deposition rate was as low as of 10 &nin [S] .
The feature of the laser pyrolysis with the use of a continuous radiation is the opportunity to achieve a high rate of f i l m deposition. Typically, the deposition rate is expressed in pm/s. An accompalying effect is usually the thickness non-uniformity of a deposit. The reasons of these effects are the nonlinear (in contrast to photolysis) dependence of the deposition rate in the reaction zone on the laser power and the Gaussian distribution of the laser power in the limits of the focused laser spot, and the evaporation of the deposited film in the area of the temperature peak of the laser spot can also occur. The rate of the laserinduced pyrolysis is RT(P)-exp(-Ea/kT(P)), where Ea is the activation energy, T is the temperature determined by the laser power (P) in the reaction zone, k is the Boltzmann's constant [9] . The use of a powerful nanosecond laser allows to get a sharp heat contrast of the irradiation zone of the surface [lo] since the thermal diffusion length is f i =1 p, where t is the pulse duration, D is a thermal diffusivity (Ds 1 cm2s-1 for solids). The use of a focused nitrogen laser for a local deposition of thin metal films from the vapor of a metalorganic compound has been demonstrated previously [2] . This paper studies the LCVD of rhenium, gold and platinum film micropatterns of uniform thickness from vapors of Re2(CO)10, (CH3)2Au(dpm), Pt(hfa)2, respectively, where dpm is 2,2,6,6-tetramethyl-3,5-heptanedionate anion, with use of a nitrogen laser in a projective optical system. Pt(hfa)6, (CH.j)2Au(dpm) and Re2(CO) 10 were made by procedures reported in Refs. [ l 1-131. All precursor complexes were purified by vacuum sublimation. All the above listed compounds are highly volatile at temperature of 40-100 OC , evoparating without decomposition at these temperature.
The nitrogen laser radiating at the 337 nm wavelength with a 6 ns pulse time and a 1000 Hz repetition frequency was used.
The scheme of the laser radiation input into the reaction chamber is presented in Fig. 1 (a) . The radiation of the laser (1) passes through a projective mask (2), the image of which is focused by the objective (3) on the surface of the substrate (4), placed in a reaction cell (5) with heated windows (6) . The evaporator (7) with volatile precursor compounds is also located in the reaction cell. The nitrogen flow is passed through the reaction cell at atmospheric pressure The reaction cell and the evaporator are heated by a built-in heater. The process can be observed with a 400X magnification with the help of an illumination system (8) and an eye-lens (9) . The radiation power is regulated by a filter (10) and measured by a photodiode (1 1). The deflector (12), which is a planar parallel plate oscillated by a motor M periodically moves the laser beam and makes its microscanning in the field of the mask (2) The image of the mask window on the substrate, created by the objective remains stationary under the indicated microscanning of the beam The reaction chamber is fixed on a two-coordinate mobile table which can be evenly moved with a rate of 7 pm/s and more. The variant of the unit design for the reagent transport to the heated substrate without the reaction chamber is shown in Fig. 1 (b) . The jet of the gas-carrier is saturated with the reagent vapour in the evaporator (7) located in the case (13) of the objective (3), then it passes to the substrate (4) through a cavity in the case closed by a protective window (14) . The temperature of the substrate is kept by a heated quartz plate (15), fixed on the two-coordinate mobile table.
A glass photomask with chromium patterns or a silicon membrane X-ray mask with gold patterns was used as a substrate.
The thickness, sizes and morphology of the film surface were examined with the help of an interference (MII-4), optical (MBI-15) and a scanning electron (SEM-Philips 505) microscopes. The electrical conductivity was measured by the tetrasonde method, the metal lines were "written" on the glass substrate between four chromium contact grounds.
The adhesion of deposited films was attained by scratching and wiping the substrate surface with these films.
RESULTS AND DISCUSSION
The LCVD results obtained with the use of both variants of a reaction unit are identical. The best adhesion and uniformity of the deposit thickness at the highest deposition rate was observed at an average power density of the laser pulse (P) of about 107 ~/ c m 2 on the substrate surface and a precursor partial pressure of about 600 Pa. The precursor partial pressure was determined from the temperature dependence data of the saturated vapour pressure. Under these conditions, the high-temperature pyrolysis of the adsorbed precursor molecules prevails and the surface temperature of the irrediation zone exceeds 1000 OC. The adsorber layer of the precursor decomposes during the cycle of the pulse heating -cooling of the irradiated substrate zone. By estimate, the cycle duration at a laser pulse duration of 6 ns makes less than 100 ns.
Deposition variants of film patterns
When the reaction chamber was not moved the metal pattern with the uniform 0.1-1 pm thickness was formed during 1-10 s. This pattern repeated the configuration of the projective mask window. The minimum size of obtained patterns was 2 x 2 pm The deposited Re, Au and Pt square films are shown in Fig. 2 .
Without the use of microscanning the laser beam within the limits of the projective mask window the Gaussian distribution of the laser power in the limits of the irradiation zone affects the thickness uniformity of the film deposited in this zone. Paticularly, this influence is critical for low-melting metals and wasobserved when the deposition of Au or Pt was carried out in the absence of the projective mask window. A decrease in the Au film thickness at the centre of the deposited spot, 50 pm in diameter, was observed at Pz5x lo7 ~l c m 2 .
But as the Au film was deposited at P z l x 107 ~/ c m 2 with the spot diameter being 35 pm no thickness decrease in its centre was observed. Figure 3 (a) shows the characteristic film for both Au and Pt obtained during the time of 3-5 s with a continuos adjustment of the laser power from 5 x 107 w/cm2 to 1 x lo7 w/cm2.
The melting temperature of the Au or Pt thin films is lower than that in the zone of the laser spot. Therefore, the laser-induced deposition and melting of these films occur simultaneiously. If the deposition of Pt is induced by laser pulses at P over 5x 107 ~/ c m 2 during 10 s the deposits are formed similar to the one shown in Fig. 3 (b) . This form of deposit qualitativly conforms with the numerical simulation models [lo] of the melt motion and of the surface evaporation of the A1 thin film heated by a nanosecond laser pulse. When the reaction chamber was evenly moved with respect to the laser beam the straight metal lines of uniform thickness were deposited. Figure 4 shows Re film lines of a 10 pm width obtained at writing rates from 7 to 28 pm/s (downwards) with the use of the square projective mask window. The thickness of these lines changed from 0.2 to 0.05 pm, respectively.
The marginal roughness of Re lines of the film thickness of 0.1-0.2 pm is less than 0.2 pm. The sharp edge of the line may be explained by the small thermal spread of the irradiation zone due to the short duration of the laser pulse, as well as the peculiarities of the line writing method used in the present work. Each line is made of a number of superimposed film squares, each square being formed at one laser pulse and shifted with respect to each other in the line writing direction at a distance much smaller than the square size. This shift makes 10 nm at a writing rate of 10 pm/s.
The writing rate is limited by the size of the irradiation zone and by the pulse repetition frequency (1000 Hz). When a cylindrical lens and a rectangular projective mask window were used there was attained a writing rate 150 pmls for Re lines, 10 pm wide and 0 1 pm thick. An increase of the pulse repetition frequency by an order of magnitude provide for a writing rate of over 1 mm/s. Figure 6 shows a photo mask area with deposited Re squares, lox 10 pm. This transmitted light micrograph was made aRer adhesion testing of these films. The Re films were scratched with a steel needle and then the substrate surface was wiped with a cotton cloth moistened with alcohol. The Re films deposited during a time of less than 10 s stood the scratching needle. The obtained Re films of a thickness of about 0.1 pm have a smooth surface. The films of a thickness of about 1 pm have a rough surface. . The lines were obtained during the movement of the coordinate table with the reaction chamber at a 10 pmk rate along one coordinate dunng one, two and three passes along the line, as it is indicated in the right-hand diagram. The micrograph was made after adhesion testing of these films.
Electrical conductivity, morphology and adhesion of deposited films

Refilms
The Re film lines shown in Fig. 4 had a smooth surface observed through an optical microscope in reflected light and with SEM. They had an excellent adhesion since stood the scratching with a steel needle. The surface resistance of the Re film lines deposited on a glass substrate at a writing rate of 7 pm/s was about 1 Qlsquare.
The line thickness can be increased by repeated passing of the coordinate table with the reaction chamber along one coordinate, the precursor pressure being not changed. The result of testing of an adhesive strength of the Re films obtained in such a way is shown in Fig. 7 . Two upper Re lines were scratched with a steel needle along their whole length then the substrate surface was wiped with a cotton cloth moistened with alcohol. The Re film lines obtained during 3 passes did not stand the scratching with the needle.
The small-size microcracks were observed (see Figure 5 ) along the Re film lines thicker than 0.2 pm in case of a glass substrate. Such cracks may occure due to internal stresses. One can assume, that the internal stresses arise inevitablly in a growing film at a high-temperature pulse laser pyrolysis and, being accumulated with the film thickening, worsen its adhesion to the substrate.
The strong adhesion to the glass substrate is characteristic for the Re films and seem to be of an oxide nature.
Au and Ptfilms
In contrast to the Re film the melting temperature of a thin film of gold and platinum is lower than the temperature in a zone of the laser spot. Therefore, the melting of this deposited film and formation of grains under the action of forces of the surface tension of the melt occur during the deposition process. The deposits of Au and Pt consist of a layer of almost spherical grains having diameters of 0.04-0.4 pm (see Figures 2, 3, 5) .
The weak adhesion to the surface of glass, silicon and chromium film, which always have a natural surface oxide layer, is characteristic for deposited Au and Pt films. The gold and platinum films do not stand the scratching and wiping of the substrate surface, but do not come off the surface when moving the substrate in water or alcohol. Au and Pi are not oxidized by contrast with Re, so they do not form a strong chemical bond with the material of the substrate surface. The coupling or cticking of Au microdrops together and to the contact ground determines the Au film resistivity. Nevertheless for some samples a surface resistance of about 1 nlsquare was obtained. A repeated scanning of the deposited granular Au line with a laser beam causes an increase in the quantity of the deposited material, a growth and a merge of the grains in a continious band. Such a band loses any adhesion to the substrate and it can be moved over the substrate surface. So, an Au band, 1 mm long and 10 pm wide, can be moved over the glass surface as a whole. If a subsequent (third) pass of the laser beam is made along such an Au band it curls into a spiral. The deposited granular Au line can likewise curl into a spiral at a second scanning, if the process of the second deposition is carried out at P exceeding 1 x lo7 w/cm2. The peeling of the Au film line and its curling into a spiral can be explained by the action of the force moment of the internal stresses developing in the growing film at the high-temperature pulse laser pyrolysis. A SEM microphotograph of such an Au spiral is shown in Fig. 8 .
It is necessary to note that the opportunity to form a spiral from a growing Au film indicates that under the mentioned above conditions pure metal is deposited.
The use of this LCVD method for repairing X-ray masks has been demonstrated in work [14] . The study of the X-ray contrast of the Re, Au and Pt films deposited under the mentioned above conditions allos us to conclude that these films are likely to consist mainly of metals and to have densities close to the bulk material ones.
CONCLUSION
The use of a powefil nanosecond laser allows to get a sharp heat contrast of the irradiation zone of the surface. Combining the microscanning of the nanosecond pulses within the projective mask window with the projective forming of the irradiation zone provides a marginal sharpness and a thickness uniformity of films.
The choice of the process conditions: the use of the reactor at atmospheric pressure, the process realization in the absence of the reaction chamber and the application a nanosecond pulse laser, is designed for the technology of a direct writing of film micropatterns.
The results given above have demonstrated the feasibility of a direct deposition of metal film patterns using a nitrogen laser.
